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Biochemical, histologic, and immunohistochemi- 
cal analyses were performed on 34 interface mem- 
branes obtained from 33 patients during revision 
total knee arthroplasty. The membranes had 
surrounded components of cementless (n = 1 1) and 
cemented (n = 23) knee prostheses that were asep- 
tically loose. None of these implant failures was 
caused by catastrophic polyethylene erosion lead- 
ing to metal-to-metal contact. The histologic find- 
ings were similar in the membranes from cemented 
and cementless knee components: small polyethyl- 
ene debris within macrophages and large birefrin- 
gent polyethylene debris within foreign-body giant 
cells. Metallic debris was seen in membranes from 
both groups, but cemented membranes had more 
polymethylmethacrylate particles and more hya- 
linization. Intracytoplasmic asteroid bodies were 
observed in several foreign-body giant cells in both 
types of membranes. No significant differences 
were found between the two groups in levels of 
collagenase, prostaglandin (PGEj), intcrleukin- 
1 (IL-1), interleukin-6 (IL-6), or tumor necrosis 
factor-alpha (TNF-a), nor in the population of in- 
flammatory cells stained with IL-1, IL-6, and 
TNF-a antibodies. Membranes that had sur- 
rounded components with radiographic evidence of 
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diffuse or localized peri prosthetic bone loss re- 
leased significantly more collagenase, IL-1, IL-6, 
and TNF than did membranes from components 
without bone loss. These two groups, however, did 
not have significantly different PGE 2 levels. These 
findings suggest that polyethylene and metal de- 
bris may play a role in macrophage activation and 
the release of mediators of bone resorption in the 
membranes surrounding failed cemented and ce- 
mentless total knee implants. 

Aseptic loosening and osteolysis have in- 
creased as the premier obstacle limiting the 
longevity of total joint replacements. Initially 
thought to be inherent to the use of poly- 
methylmethacrylate (PMMA) cement, osteo- 
lysis is now recognized in both cemented and 
uncemented arthroplasties. Its occurrence is 
well documented in total hip arthroplasty, 
and is believed to be the result of a foreign 
body reaction to particulate PMMA, metal, 
and polyethylene wear debris. 7,n * 13 ' l5 * 17 ~ 20 * 23 ' 28 
There is also evidence that several biochemi- 
cal factors associated with bone resorption 
such as collagenase, prostaglandin E 2 (PGEJ, 
interleukin-1 (IL-1), interleukin-6 (IL-6), and 
tumor necrosis factor (TNF), may play an 
important role in the development of aseptic 
loosening and osteolysis. 5,7 * 1517 

The problem of osteolysis has not been as 
well described in total knee arthroplasty 
(TKA). Recently, however, investigators 
have noted osteolysis around loosened ce- 
mentless total knee prostheses. 14 - 21 These re- 
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ports have described the presence of bone- 
implant interface membranes with similar 
histology to those reported in cases of osteo- 
lysis around cementless total hip prostheses. 
Biochemical analyses of these membranes 
from total knee replacement have not been 
documented, however. The current study 
was conducted to determine the biochemical, 
histologic, and immunohistochemical char- 
acteristics of interface membranes surround- 
ing failed cementless and cemented TKAs 
(referred to as "cementless membranes" and 
"cemented membranes", respectively). 

MATERIALS AND METHODS 

Thirty-four interface membranes were har- 
vested from 33 patients undergoing surgery to re- 
vise failed total knee prostheses at the University 
of Pittsburgh Medical Center and the Pennsyl- 
vania Hospital between July 1991 and April 1992. 
Twenty-three membranes (22 patients) were taken 
from cemented implants: five porous-coated ana- 
tomic, ten Insall-Burstein, three Miller-Galante, 
and five Johnson & Johnson prostheses. This 
group comprised 12 men and 11 women whose 
mean age was 65.7 years (range, 47-81 years). The 
1 1 cementless membranes were taken from nine 
Miller-Galante and two LCS Rotating Platform 
implants. The seven women and four men in this 
group had a mean age of 63.5 years (range, 38-83 
years). To serve as a control group for the biochem- 
ical analysis, ten membranes (four cementless and 
six cemented) were harvested from the fibrous 
pscudocapsule of ten additional patients undergo- 
ing revision knee arthroplasty. All components in 
all three groups articulated with a polyethylene tib- 
ial and patellar surface. There were no patients 
with carbon-impregnated polyethylene. 

The average time between the initial arthro- 
plasty and revision procedure was 60.1 months 
(range, 49-109 months) in the cemented group 
and 80.6 months (range, 26-96 months) in the 
cementless group. The primary indications for the 
first arthroplasty were osteoarthritis ( 1 3 cemented 
and eight cementless) and rheumatoid arthritis 
(ten cemented and three cementless), whereas the 
indications to perform all revision procedures 
were knee pain and radiographic findings of com- 
ponent loosening or migration. The latter was de- 
fined, on preoperative radiographs, in accordance 
with the Knee Society system as the presence of a 
radiolucent line at least 1 mm wide at the bone-ce- 
ment or bone-implant interface (Fig. 1 ). 6,26 The 
widths of radiolucent lines were measured on the 



basis of seven zones on an anteroposterior view of 
the tibia; three on a lateral view of the tibia and 
seven on a lateral view of the femur. The widths of 
radiolucent lines on a tangential radiograph of the 
patella were not measured. Among the 23 ce- 
mented implants, eight femoral components and 
1 3 tibial components met these criteria; in the 11 
cementless implants, the numbers were three fem- 
oral and six tibial components (Table 1 ). Intraoper- 
ative examination confirmed that all of these com- 
ponents were loose and surrounded by a fibrous 
membrane. Loosening was confirmed intraopera- 
tively by using manual pressure to elicit visible 
motion at the bone-implant interface. 

All patients in this study had discontinued tak- 
ing antiinflammatory medications ten days before 
revision surgery. In addition, preoperative and in- 
traoperative cultures of aspirates from the hip 
joint were sterile for all patients. 

All membranes were cut into portions for sepa- 
rate biochemical, histologic, and immunohisto- 
chemical analysis. 

Histology 

Periprosthetic membrane samples were pre- 
pared for hematoxylin and eosin (H&E) staining. 
Paraffin-embedded specimens were analyzed qual- 
itatively under regular light and polarized micros- 
copy for macrophages, fibroblasts, particulate 
PMMA, metal debris, and polyethylene debris. 
Using a modification of Mirra's grading sys- 
tem, 15,20 each sample was graded according to the 
number of cells and particles present (0 = absent, 
1+ = mild, 2+ = moderate, 3+ = severe). 

Biochemical Assays 

The membrane specimens were cut into small 
fragments, and organ cultures were performed us- 
ing a modified Goldring method. 6 After three days 
of incubation, the culture media were recovered 
and assayed for collagenase, PGE 2 , IL-1, IL-6, and 
TNF-a. 

Collagenase activity was measured using post- 
synthetically labeled [ 3 H] acetic anhydride (New 
England Nuclear, Boston, Massachusetts) as a 
substrate. The detailed technique was reported pre- 
viously. 15 27 One unit of collagenase activity de- 
grades 1 Mg per minute of substrate. Prostaglandin 
E 2 was measured by radioimmunoassay with a 
commercially available kit (New England Nu- 
clear), and IL-1 was measured by bioassay using 
the proliferation of the D10.G4.1 T helper clone, 
as described elsewhere. 15 - 25 Finally, IL-6 and TNF- 
a were measured with a commercially available 
enzyme-linked immunosorbent assay (ELISA) kit. 
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Fig. 1. Anteroposterior and lateral radiograph of a loosened cementless TKA. 



The data thus obtained were statistically com- 
pared with a Student's /-test. 

Immunohistochemistry 

To clarify which cells were producing IL-1, IL- 
6, and TNF-a in the interface membranes, immu- 
nohistochemical analysis was performed using 
anti-IL-1, anti-IL-6, and anti-TNF-a antibodies. 
The specimens in this study were frozen in OCT 
compound (Lab-Tek Products, Naperville, Illi- 
nois) and stored at -70°. Sections of the frozen 
tissue were cut 7 fim thick on a cryostat, fixed in 
cold acetone (4°) for ten minutes, and then dried. 
After these sections were washed in phosphate- 
buffered saline (PBS) for five minutes, they were 
incubated for ten minutes in an avidin- and bio- 
tin-blocking reagent (Vector Laboratory, Burl in- 
game, California). They were washed again in PBS 
for five minutes and incubated with normal horse 



serum for 30 minutes at room temperature with 
monoclonal antibodies to macrophages, B lym- 
phocytes (anti-CD3), and T lymphocytes (anti- 
CD22) (DAKOPATTS, Glostrup, Denmark) and 
polyclonal antibodies to IL-1, IL-6, and TNF-a 
(Calbiochem, La Jolla, California). Endogenous 
peroxidase was neutralized with 0.05% hydrogen 
peroxide for ten minutes. Next the biotinylated 
secondary antibody (Vector Laboratory) was ap- 
plied to the sections for 45 minutes at room tem- 
perature. Then they were washed with PBS, after 
which 3,3'-diaminobenzidine substrate (Sigma, St. 
Louis, Missouri) with 0.05% hydrogen peroxide 
was added for color development. Finally, the sec- 
tions were rinsed for five minutes, exposed to he- 
matoxylin, and mounted with Immunomount 
(Shandon,Sewickley, Pennsylvania). Control spec- 
imens had the same preparation except that the 
first antibodies were omitted. 
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TABLE 1 . Percentage of Knees With Radiolucent Lines According to Zone 

Radiographs 



Zone 


Lateral of Femur 


Anteroposterior of Tibia 


Lateral of Tibia 


Cemented 


Cementless 


Cemented 


Cementless 


Cemented Cementless 


I 


5 


3 


6 


3 


2 1 


2 


3 


0 


4 


3 


1 . 1 


3 


0 


0 


2 


0 


0 0 


4 


0 


0 


1 


0 


5 


0 


0 


0 


0 




6 


0 


0 


0 


0 




7 


0 


0 


0 


0 





RESULTS 

Radiographic and Intraoperative 
Findings 

Eight of the 23 cemented femoral compo- 
nents and 13 of the 23 cemented femoral 
components had a radiolucent line of at least 
1 mm at the bone-cement interface. Simi- 
larly, three of the 1 1 cementless femoral com- 
ponents and six of the 1 1 cementless tibial 
components were loose by radiographic crite- 
ria (Table 1). Intraoperative examination 
confirmed that these components were loose 
and surrounded by a fibrous membrane. 

Histologic Findings 

In both the cemented and cementless 
membranes, microscopic examination showed 



macrophage infiltrates, multinucleated for- 
eign-body giant cells, and large accumulation 
of debris (metal, polyethylene, or cement) 
within dense, organized connective tissue 
stroma. Metal debris was seen in membranes 
from both experimental groups, and most of 
it was intracellular within macrophages. In 
addition, the particulate metal frequently 
was confined to the membrane surface adja- 
cent to the implant (Fig. 2). Particulate poly- 
ethylene was universally present in mem- 
branes from both groups. Many small poly- 
ethylene particles were contained within the 
cytoplasm of macrophages; larger particles 
were engulfed by foreign-body giant cells. 
Membranes from cemented prostheses gener- 
ally contained PMMA particles and in- 
creased tissue hyalinization. Furthermore, 
most of the polyethylene particles were lo- 



Fig. 2, Light microscopy of the 
specimen taken from Zones 1 and 2 
around the tibial component demon- 
strates particulate metal debris, which 
is limited adjacent to the implant sur- 
faces. 
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cated within the specimen where it faced the 
bone. Interestingly, the large particles of bire- 
fringent polyethylene appeared to occupy the 
periphery of the membrane. Several of the 
foreign-body giant cells in both types of 
membranes also contained intracytoplasmic 
asteroid bodies (Fig. 3). The control tissues 
were composed of a dense collagenous 
stroma containing no wear particles and few 
inflammatory cells. 

Biochemical Findings 

The collagenase activity in culture media 
recovered from the cementless membranes 
ranged from 1.8 to 14.4 units per gram of 
tissue with a mean value (± standard error of 
the mean [SEM]) of 5.93 ±5.17. For the ce- 
mented membranes, the range of collagenase 
activity was 1 .2- 1 3.7 units per gram of tissue, 
with a mean of 5.79 ± 4.47. The values for 
both experimental groups were not signifi- 
cantly different. Both sets of values were sig- 
nificantly higher (p < 0.01) than those for 
control tissues, however, which ranged from 
0 to 7.3 units per gram of tissue, with a mean 
of 2.3 ± 1.2 (Fig. 4A). 

Likewise, the amounts of PGE 2 in ce- 
mented membranes (range, 0-13.9 ng/mg of 
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Fig. 3. Asteroid bodies (short arrows) and large 
pieces of birefringent polyethylene debris (long 
arrows) are visible within foreign-body giant cells. 
At least two asteroid bodies can be seen in this 
plane of focus. (Stain, hematoxylin and eosin; orig- 
inal magnification, X400.) 



tissue; mean, 5.52 ± 3.75) and cementless 
membranes (range, 1 .4-14.3 ng/mg of tissue; 
mean, 4.94 ± 3.83) were not significantly dif' 
ferent. Again, both sets of values were signifi. 
cantly higher (p < 0.05) than control tissue 
values (range, 0-3.01 ng/mg tissue; mean 
1.93 ± 1.01) (Fig. 4A). 

The activity of IL-1 was measurable in six 
of the 11 cementless membranes (range, 
0-3.9 units per 100 mg of tissue; mean, 0.52 
± 0.57) and in 1 1 of the 23 cemented mem- 
branes(range, 0-0.66 units per 100 mg tissue; 
mean, 0.39 ± 0.82). There was no significant 
difference between these two groups, but 
both produced significantly higher IL- 1 activ- 
ity than did control tissues (p < 0.05), in 
which activities were uniformly undetectable 
(Fig. 4B). 

Interleukin-6 activity was detected in all 1 1 
cementless membranes (range, 0-303.5 ng/g 
tissue; mean, 123.1 ± 108.4) and all 23 ce- 
mented membranes (range, 0-31 1.7 ng/g of 
tissue; mean, 102.6 ± 103.1). Tumor necrosis 
factor-alpha activity was detected in eight ce- 
mentless membranes (range, 0-5.9 ng/g tis- 
sue; mean, 1.63 ± 1.48) and 19 cemented 
membranes (range, 0-9.4 ng/g tissue; mean, 
2.03 ± 3.29). There was also no significant 
difference between these two groups in either 
factor, and again, both groups had higher lev- 
els of both factors as compared with control 
specimens (Fig. 4B and 4C). 

Table 2 compares the activity levels of the 
biochemical factors as measured in culture 
media recovered from the membranes. Lev- 
els of collagenase; PGE 2 , IL-1, IL-6, and 
TNF-a did not differ significantly between ex- 
perimental groups, but both of these groups 
had significantly higher levels of all of these 
than did the control group. 

Both linear and lytic bone loss were found 
in association with failed femoral and tibial 
implants, regardless of whether the prosthesis 
was cemented. Postoperative radiographs 
showed that the medial aspect of the tibial 
metaphysis (Zones 1 and 2) was the most 
common site for osteolytic bone resorption. 
Intraoperatively, all of these implants were 
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Figs. 4A-4C. The results of biochemical comparison among cemented membranes, cementless mem- 
branes, and control tissues, represented as amounts produced per gram of membrane. Closed circles, 
cemented membranes; open circles, cementless membranes. The mean value and standard deviation (SD) 
in each group are indicated, respectively, by a vertical bar with a long and short horizontal bar beside the 
circles. 



found to be loose. Four cases of focal tibial 
osteolysis were noted on radiographs. The 
membranes around these four implants con- 
tained concentrations of macrophages that 
had phagocytized polyethylene and metal de- 
bris (Fig. 5). Biochemical results from speci- 



mens with radiographic evidence of osteoly- 
sis were also regrouped and compared with 
those specimens without evidence of osteoly- 
sis. The specimens from patients with evi- 
dence of osteolysis had released significantly 
higher (p < 0.05) amounts of collagenase, IL- 



TABLE 2. Levels of Biochemical Factors in Experimental and Control Groups 

Cemented Cementless Control 
Mean ±SEM (range) n Mean ± SEM (range) n Mean ± SEM (ran ge) n 

Collagenase* 

(units/g) 5.79 ± 4.47(1.2-13.7) 23 5.93 ± 5.17(1.8-14.4) 11 2.3 ± 1.2 (0-7 3) 10 

PGE 2 * (ng/mg) 5.52 ± 3.75(0-13.9) 23 4.94 ± 3.83(1.4-14.3) II 1.93 ± 1.01(0-3 01) 10 

IL-l*(u/l00mg) 0.39 ± 0.82(0-0.66) 11 0.52 ± 0.57(0-3.9) 6 undetectable" 10 

IL-6* (ng/g) 102.6 ± 103.1 (0-311.7) 23 123.1 ± 108.4 (0-303.5) 11 38 3 ± 35 7 10 

TNF-«*(ng/g) 2.03 ± 3.29(0-9.4) 19 1.63 ± 1.48(0-5.9) 8 0.07 ± 0.45 10 

n represents number of specimens in which activity was detected. 
* Significantly higher than control values (p < 0.05), 
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Fig. 5. Polarized microscopy of a 
specimen taken from Zones I and 2 
demonstrates birefringent debris 
within multinucleated foreign-body 
giant cells and mononuclear histo- 
cytes. (Stain, hematoxylin and eosin; 
original magnification, XI 00.) 



1, IL-6, and TNF-a into the culture media 
than did the membranes from prostheses 
without focal osteolysis (Table 3). There were 
no statistically significant differences be- 
tween the levels of PGE 2 in groups with and 
without osteolysis, however. 

Immunohistochemjcal Findings 
In the 34 membranes analyzed, numerous 
macrophages were stained with antimacro- 
phage antibody and were located beneath the 
synovial cell lining or fibrin layer, which was 
adjacent to the implant surface (Fig. 6). In 
sections of all membranes from both experi- 
mental groups that were stained sequentially 



with anti-CD3 and anti-CD22 monoclonal 
antibodies, very few T lymphocytes and B 
lymphocytes, respectively, were evident. 
Many macrophages (Fig. 7), relatively large 
numbers of fibroblasts, and some endothelial 
cells were stained with anti-IL-1, IL-6, and 
TNF-a antibodies. There were no significant 
differences between the numbers of anti-IL- 
6-positive cells in cemented and cementless 
membranes. In contrast, the populations of 
macrophages, fibroblasts, and endothelial 
cells that stained with anti-IL-l, IL-6, and 
TNF-a antibodies were larger in specimens 
from patients with bone lysis than in those 
without this problem. 



TABLE 3. Comparison of Chemical Mediators in Condition Media From the Membrane 
With and Without Osteolysis in Failed Cemented and Cementless Knee Prostheses 



Focal Osteolysis 



Positive ' Negative 





Cemented 


Cementless 


Cemented 


Cementless 




(n = 21) 


(n = 9) 


(n = 25) 


(n = 13) 


Collagenase (unit/g) 


6.82 ± 5.11* 


7.00 ± 4.46* 


4.92 ± 5.02 


5.18 ± 4.62 


PGE2 (ng/g) 


5.86+ 3.28 


5.21 ± 3.22 


5.22 ± 3.05 


4.76 ± 3.73 


IL-I (U/g) 


6.01 ± 3.85* 


6.70 ± 2.57* 


2.11 ± 6.84 


3.70 ± 5,21 


IL-6 (ng/g) 


125.5 ±86.3* 


152.5 ±92.6* 


83.3 ±96.1 


102.7 ±98.5 


TNF-or (ng/g) 


3.03 ± 4.54* 


2.91 ± 4,21* 


1.19 ± 2.02 


0.75 ± 1.26 



* p < 0.05; values are the mean ± SEM. 
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5.18 ± 4.62 
4.76 ± 3.73 
3.70 ± 5.21 
102.7 ±98.5 
0.75 ± 1.26 




Fig. 6. Antimacr'ophage antibody staining of 
the specimen shown in Figure 2 demonstrates nu- 
merous macrophages beneath a fibrin layer, which 
is adjacent to the implant surface. (The implant 
surface is the upper part of the specimen.) (Origi- 
nal magnification, X200.) 



DISCUSSION 

Late loosening of total joint prostheses has 
been considered primarily a biomechanical 
process. It has become increasingly apparent, 
however, that periprosthetic tissues and their 
production of a number of biochemical sub- 
stances play an important role in aseptic loos- 
ening. These interface membranes contrib- 
ute to the bone resorption and osteolysis as- 
sociated with aseptic loosening. This process 
has been previously described in total hip 
arthroplasty and can occur with cemented or 
uncemented prostheses and with stable and 
unstable implants. 7 ' 1 ^ 13 - 15 * 17 ' 18 - 20 ' 23 ' 28 

Recently, Nolan and Bucknill 21 and Peters 
et al. 22 investigated osteolysis associated with 
total knee prostheses. Their histologic find- 
ings were similar to those previously found 
with osteolysis surrounding cementless hip 
prostheses. They noted submicronic particu- 
late polyethylene or metal debris within mac- 
rophages and large pieces of polyethylene de- 
bris or particulate PMMA within foreign- 
body giant cells. The authors also observed 
large intracytoplasmic asteroid bodies within 
foreign-body giant cells, however. These 
giant cells form from a syncytium of macro- 
phages in response to particulate debris too 
large to be phagocytized by a single cell As- 



Fig. 7. Immunohistochemical 
staining of the membrane obtained 
from a patient with focal osteolysis 
using anti-TNF-a-positive antibody. 
Numerous anti-TNF-a-positive 
macrophages are visible. A large frag- 
ment of polyethylene is shown in the 
center of the field. (Original magnifi- 
cation, X200.) 
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teroid bodies are composed of microtubules 
and intermediate fibers, two constituents of 
the normal cellular cytoskeleton. 1 * 2 Because 
asteroid bodies were seen in giant cells con- 
taining large particles of polyethylene debris, 
it is speculated that these particles create a 
microenvironment in which the giant cell cy- 
toplasm undergoes various transformations 
from solution to a gelatinous form. These sol- 
gel transformations result in a condensation 
of the giant cell's cytoskeleton, which results 
in the formation of the stellate-shaped aster- 
oid bodies. The presence of asteroid bodies 
may represent a burned out or "aged" popula- 
tion of giant cells. 

Interestingly, large fragments of polyethyl- 
ene, foreign-body giant cells, and, fat were 
more common in the membranes obtained 
from failed total knee implants than in those 
from failed total hip implants, regardless of 
whether they were cemented or cementless. 
This may be due to the high contact stresses 
in knee implants and also may reflect the dif- 
ferent motion of these implants. Knee im- 
plants have a very complicated motion, con- 
sisting of rolling, gliding, and sliding. In con- 
trast, hip implants predominantly glide, 
producing small powderlike polyethylene 
and metal debris, which can stimulate macro- 
phages, thus inducing a more rapid and ex- 
tensive osteolysis than occurs in the knee. A 
different histologic and biochemical response 
in the interface membranes from failed ce- 
mented and cementless knee prostheses may 
explain the lower level of progressive osteoly- 
sis seen with these implants. 

It was impossible to estimate how many 
particles each macrophage had phagocytized 
because of their irregularity, and because 
some macrophages were spread on the sur- 
face of the large particles. In addition, recent 
reports have indicated that many of these 
particles were too small to be resolved with 
light microscopy; therefore, microscopicanal- 
ysis may not provide an accurate estimate of 
the amount of wear debris in the membranes. 

Kim et al. 15 found substantial levels of col- 
lagenase, PGE 2 , and IL-1 in the membranes 



from failed cementless femoral components 
in total hip arthroplasty — levels not signifi. 
cantly different from those seen in the mem- 
branes from failed cemented femoral compo- 
nents. 15 Likewise, no significant differences 
were found between cemented and cement- 
less knee membranes in the levels of collage- 
nase, PGEj, IL- 1 , IL-6, and TNF-a. Nonethe- 
less, in the current study, collagenase, IL-1, 
IL^6, and TNF-a levels were significantly 
higher in specimens from patients with focal 
osteolysis. The medial aspect of the tibial me- 
taphysis was the most common site for osteo- 
lytic bone resorption, consistent with find- 
ings by Peters et al 22 Although biochemical 
agents such as collagenase, PGE 2 , IL-1, IL-6, 
and TNF-a are associated with bone resorr> 
tion, 3 ' 5 - 7 - 8 ' 2 ' 16 cytokines such as bone mor- 
phogeny protein and transforming growth 
factor-/? should have been measured. Their 
activity may appear to be inhibited, because 
these cytokines are believed to stimulate os- 
teoblasts. 

It is well known that several biochemical 
mediators, including various cytokines, con- 
tribute to bone resorption. 9 - 10 It is unclear 
why membranes from patients with linear or 
lytic bone loss and those without bone loss 
did not contain significantly different levels 
of PGE 2 , given that bone loss was associated 
with higher levels of all other biochemical 
factors measured. Interleukin-1 and TNF-a 
not only induce the production of IL-6 by 
macrophages, fibroblasts, and endothelial 
cells, but they also induce the proliferation of 
fibroblasts and endothelial cells. 24 Further- 
more, IL-l and TNF-a stimulate osteoclastic 
bone resorption. It was recently reported that 
IL-6 appears to induce osteoclastic bone re- 
sorption directly and to inhibit the prolifera- 
tion of fibroblasts.' 2 - 16 * 24 The biochemical 
and immunohistochemical results reported 
here suggest that macrophages, fibroblasts, 
and endothelial cells in the membranes react 
with metal or polyethylene debris and pro- 
duce IL-6, which directly stimulates osteo- 
clasts in patients with linear or lytic bone loss. 
Because IL-1 and TNF-a both stimulate os- 
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teoclastic bone resorption 8 ' 24 and induce IL- 
5 9.10.t2 ij^i ^ TNF-a also may contribute 
directly as well as indirectly, through the in- 
duction of IL-6 production by macrophages, 
fibroblasts, and endothelial cells. It is un- 
likely that B lymphocytes and T lymphocytes 
contribute significantly to IL-6 production, 
because these two cell types were rarely ob- 
served in the current study. These observa- 
tions suggest that significant levels of IL-6 ac- 
tivity were produced through a nonspecific 
chronic inflammatory reaction rather than 
through a lymphocyte-mediated immune re- 
sponse. 

The results of this study demonstrate the 
ability of cementless and cemented knee 
membranes to produce similar amounts of 
the chemical agents associated with bone re- 
sorption. These factors may play a major role 
in the process of aseptic loosening of both ce- 
mented or cementless total knee prostheses. 
After the implantation of a prosthesis, 
various biochemical factors influence the 
surrounding cells. Abrasion of the articula- 
tion between the femoral component and the 
polyethylene articulating tibial and patellar 
surface as well as the micromotion of the pros- 
thetic stem may result in the continual re- 
lease of metal, particulate PMM A, and poly- 
ethylene debris. Subsequently, activated in- 
terface membranes can be produced by the 
foreign-body reaction initiated by this debris. 
Activation of various inflammatory cells 
such as macrophages and fibroblasts within 
the membrane can induce the production of 
a number of cytokines that are associated 
with bone resorption. The phagocytization of 
particulate polyethylene and metal debris by 
macrophages can induce the production of 
IL-l, IL-6, and TNF-a, which are considered 
important factors in bone resorption. This 
mechanism of aseptic loosening appears to 
play a role in failed knee as well as hip pros- 
theses. 

ACKNOWLEDGMENTS 

The authors thank Keith Short, B.S., for technical as- 
sistance in the preparation of histologic specimens; Lori 



Mclntyre Larkin, B.S., for IL-l assays; Y. Iwaki, M.D. 
(Department of Immunology, University of Pittsburgh), 
for his cooperation with the immunohistochemical anal- 
ysis; and Chris Evans, Ph.D., for his helpful discussions. 
They also thank Jim Dowd, M.D., and Helene Marion 
for their editorial assistance, and Robin Evans, R.N., for 
the preparation of the manuscript. 

REFERENCES 

1. Cain, H., and Kraus, B.: The ultrastructure and 
morphogenesis of asteroid bodies in sarcoidosis and 
other granulomatous disorders. In Williams, W. W., 
and Davies, B. H. (eds.): Sarcoidosis, Cardiff; Alpha 
Omega Press, 1980, pp. 30-37. 

2. Cain, H., and Kraus, B.: Immunofluorescence mi- 
croscopic demonstration of vimentin filaments in 
asteroid bodies of sarcoidosis. Virchows Arch. 
42:213, 1983. 

3. Chambers, T. J., Darby, J. A M and Fuller, K.; Mam- 
malian collagenase predisposes bone surfaces to os- 
teoclastic resorption. Cell Tissue Res. 241:671, 
1985. 

4. Charosky, C. B., Bullough, P. G., and Wilson, P. D., 
Jr.: Total hip replacement failures: A histological 
evaluation. J. Bone Joint Surg. 55A.49, 1973. 

5. Chiba, J., Iwaki, Y., Kim, K. J., and Rubash, H. E.: 
The role of cytokines in femoral osteolysis after ce- 
mentless total hip arthroplasty.. Trans. O.R.S. 
17:350, 1992. 

6. Ewald, F. C: The Knee Society total knee arthro- 
plasty roentgenographic evaluation and scoring sys- 
tem. Clin. Orthop. 245:9, 1989. 

7. Goldring, S. R., Schiller, A. L., Roelke, M., Rourke, 
C. M., O'Neill, D. A., and Harris, W. H.: The syno- 
vial-like membrane at the bone-cement interface in 
loose total hip replacements and its proposed role in 
bone lysis. J. Bone Joint Surg. 65A:575, 1983. 

8. Gowens, M., Wood, D. D., Ihrie. E. J., McGuire, 
M. K. B., and Russel, R. G. G.: An interleukin-1 - 
like factor stimulates bone resorption in vitro. Na- 
ture 306:378. 1983. 

9. Heinrich, P. C, Castell, J. V., and Andus, T.: Inter- 
leukin-6 and the acute phase response. Biochem. J. 
265:621, 1990. 

10. Helle, M., Brakenhoff, J. P. J., and DeGroot, E. R.: 
Interleukin-6 is involved in interleukin-1 -induced 
activities. Eur. J. Immunol. 18:957, 1988. 

1 1 . Howie, D. W., Vernon-Roberts, B M Oakeshott, R„ 
and Manthey, B.: A rat model of resorption of bone 
at the cement-bone interface in the presence of poly- 
ethylene wear particles. J. Bone Joint Surg. 70A:257, 
1988. 

12. Ishimi, Y., Miyaura, C, and Suda, T.: IL-6 is pro- 
duced by osteoblasts and induces bone resorption. J. 
Immunol. 145:3297, 1990. 

13. Johanson, N. A., Bullough, P. G., Wilson, P. D., Jr., 
Salvati, E. A., and Ranawat, C. S.: The microscopic 
anatomy of the bone-cement interface in failed total 
hip arthroplasties. Clin. Orthop. 218:123, 1987. 

14. Jones, S. M., Pinder, I. M„ Moran, C G„ and Mal- 
colm, A. J.: Polyethylene wear in uncemented knee 
replacements. J. Bone Joint Surg. 74B:18, 1992. 

15. Kim, K. J., Rubash, H. E., Wilson, S. C, D'An- 
tonio, J. A., and McClain, E. J.: A histologic and 



124 Chibaetal. 



Clinical Orthopaedics 
and Related Research 



biochemical comparison of the interface tissues in 
cementless and cemented hip prostheses, din. 
Orthop. 287:142, 1993. 

16. Kurihara, N., Bertolini, D., Suda, T., Akiyama, Y., 
and Roodman, G. D.: 1L-6 stimulates osteoclast-like 
multinucleated cell formation in long term human 
marrow cultures by inducing IL^l release. J. Im- 
munol. 144:4226, 1990. 

17. Under, L., Lindberg, L., and Carlsson, A.: Aseptic 
loosening of hip prostheses: A histologic and enzyme 
histochemical study. Clin. Orthop. 175:93, 1983. 

18. Lomabardi, A. V., Jr., Maliory, T. H., Vaughn, 
B. K., and Drouillard, P.: Aseptic loosening in total 
hip arthroplasty secondary to osteolysis induced by 
wear debris from titanium-alloy modular femoral 
heads. J. Bone Joint Surg. 71 A: 1337, 1989. 

19. Maloney, W. J. t Jasty, M., Harris, W, H., Galante, 
J. O., and Callaghan, J. J.: Endosteal erosion in asso- 
ciation with stable uncemented femoral compo- 
nents. J. Bone Joint Surg. 72A:1025, 1990. 

20. Mirra, J. M., Amstutz, H. C, Matos, M., and Gold, 
R.: The pathology of the joint tissues in prosthesis 
failure and -its clinical relevance, Clin. Orthop. 
117:221, 1976. 

2 1 . Nolan, J. F., and Bucknill, T. M.: Aggressive granu- 
lomatosis from polyethylene failure in an unce- 



mented knee replacement J. Bone Joint Surg. 
74B:23, 1992. 

22. Peters, P., Jr., Engh, G. A., Dwear, K., and Vingh, 
T. N.: Osteolysis after total knee arthroplasty with- 
out cement. J. Bone Joint Surg. 74A:864, 1992. 

23. ScBmalzried, T. P., Jasty, M., and Harris, W. H.: 
Periprosthetic bone loss in total hip arthroplasty. J. 
Bone Joint Surg. 74A:849, 1992. 

24. Sherry, B., and Cerami, A.: Cachectin/tumor necro- 
sis factor exerts endocrine, paracrine, and autocrine 
control of inflammatory response. J. Cell. Biol 
107:1269, 1988. 

25. Simon, P. L., Laydon, J. T., and Lee, J. C: A modi- 
fied assay for interleukin- 1 (IL-I). J. Immunol. 
Methods 84:85, 1985. 

26. Stern, S. H., and Insall, J. N.: Posterior stabilized 
prosthesis. J. Bone Joint Surg. 74A:980, 1992. 

27. Watanabe, S., Georgescu, H. I., Mendelow, D., and 
Evans, C. H.: Chondrocyte activation in response to 
factors produced by a continuous line of lapine syno- 
vial fibroblasts. Exp. Cell Res. 167:218, 1986. 

28. Willert, H. G., Bertram, H., and Buchhorn, G.H.: 
Osteolysis in alloarthroplasty of the hip. The role of 
ultra-high molecular weight polyethylene wear par- 
ticles. Clin. Orthop. 258:95, 1990. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

(ZJ image cut off at top, bottom or sides 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGD3LE TEXT OR DRAWING 
□/SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

EJ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



